. Genital Chlamydia trachomatis infections in young adults -a school-based bio-behavioural study in urban areas, Poland, 2012. Euro Surveill. 201823(6) Context and Aim: One of the most common sexually transmitted pathogens disproportionately affecting young people is Chlamydia trachomatis (CT). This study aimed to assess prevalence of CT among sexually active students (aged 18-19 years) in their final years of high school education in Warsaw and Krakow. Methods: The sample was selected from 61 clusters, each cluster representing one school. We described city, sex, type of school and their association with CT prevalence. To account for non-responders we applied inverse probability weighting. Results: Our study population consisted of 3,136 young adults eligible for CT screening, of whom 2,326 reported having had sexual intercourse within past 12 months. Of the 950 students who agreed to be tested, 39 were infected with CT. Weighted prevalence of CT was 3.9% (95% confidence interval (CI): 2.7-5.1); however, prevalence in the students in Warsaw (6.6%; 95% CI: 3.5-12.4) was six times higher (prevalence ratio (PR) = 5.9; 95% CI: 2.0-17.3) than in Krakow (1.1%; 95% CI: 0.5-2.6). In both settings, female students attending vocationaltechnical schools were most affected; the prevalence in this group was more than five times higher (PR = 5.2; 95% CI: 1.7-15.6) compared with female peers in high schools and more than three times higher (PR = 3.3; 95% CI: 1.0-10.7) compared with male peers attending vocational-technical schools. Conclusion: Our study suggested prevalence of CT infection among young people in Poland comparable with the European average, supporting implementation of a CT control programme as recommended in international guidelines.
Introduction
Infections caused by Chlamydia trachomatis (CT), with an estimated 131 million new cases worldwide each year, are among the most common sexually transmitted infections (STIs) [1] . Infection is often asymptomatic (75% in women and 50% in men), delaying treatment and increasing the risk of developing long-term reproductive sequelae, such as infertility. Untreated CT infections may also promote transmission of human immunodeficiency virus (HIV) [2] .
Sexually active young people are disproportionately affected by CT infection. In the European Union (EU), two thirds of all reported CT cases occur in people younger than 25 years [3] .
Early age of first sex, frequent change of partners and not using barrier contraceptive methods (condoms) are some of the identified drivers of CT transmission among young people [4] . The availability of effective and affordable treatment calls for the development of targeted screening strategies to identify and stop the spread of the infection and avoid long-term health effects. In Poland, no national strategy for STI control or a specific CT screening programme are currently in place. Elements of STI/HIV control are incorporated by schools into general health education sessions, on a voluntarily basis.
Despite the clear vulnerability of adolescents and young adults to CT, there are no comprehensive studies assessing this problem in Poland. Moreover, the majority of studies conducted to date have largely been based on adult patients actively seeking STI testing and/or treatment or visiting infertility clinics; consequently, they do not provide full insight into the prevalence of CT, especially among adolescents in the general population [5, 6] .
Our aim was to assess the prevalence of CT infection among sexually active young adults (aged 18-19 years) in their final years of high school education living in urban areas in Poland and to identify subgroups at particular risk of infection in order to target interventions accordingly.
Methods

Ethics statement
The survey was designed for students 18 years and older based on their self-reported year of birth. Young people under the age of 18 years were not included in this study as, in Poland, this requires parental consent which may have decreased the likelihood of student participation. All research participants provided written consent. To ensure participants remained anonymous, each person was assigned a unique identification number which they could use to obtain their results. Those with a CT-positive test result were offered confidential advice and medical treatment at one of the collaborating STI clinics.
All study procedures were approved by the Institutional Review Board of the National Institute of Public Health -National Institute of Hygiene (NIPH-NIH), Warsaw, Poland.
Study outline
Between September 2012 and June 2015, a behavioural survey was conducted among students aged 18 years and older in their final years of secondary school education, in two of the biggest cities in Poland, Warsaw and Krakow. As ca 90% of 18-year-olds were enrolled in these schools, we did not sample young people who did not attend school.
The sample was selected using cluster sampling intending to include ca 60 schools (clusters) randomly drawn from all secondary schools registered in Warsaw and Krakow. Initially, we expected a 50% response rate and additional schools were sampled, to account for lower response rate. In each cluster (school), all students 18 years and older were given CT awareness lectures during which they were invited to participate in a selfadministered behavioural survey. Awareness lectures were delivered by educators who routinely provide sexual health education for adolescents.
Subsequently, students eligible for CT screening (defined as those who had ever had a sexual partner, i.e. engaged in sexual intercourse or petting) were invited to provide urine samples for CT infection testing. The intended sample size for CT testing, assuming prevalence of infection was between 3% and 4.5%, ranged from 527 to 1,145 individuals.
Behavioural survey
The main objective of the survey was to collect information on basic demographic data and risk factors associated with CT infection, including age at first sex, number and frequency of changing partners, condom use, symptoms of infection and previous history of STI infection or testing.
The questionnaire was designed by the Department of Epidemiology at the NIPH-NIH, using existing behavioural surveillance indicators and in consultation with sexual health educators. The questionnaire was pretested among 40 students in schools that were not selected to participate in this study, in order to assess the clarity of the questions and appropriateness of the language used.
Urine sample collection for Chlamydia trachomatis screening
During awareness raising sessions, all students who had ever had a sexual partner were offered an opportunity to get tested for CT. They received a sterile urine collection container and were asked to provide a 10 mL urine sample. Students who wanted to be tested were asked to collect their first stream of urine (containing mucus and epithelial cells) and return the container to the chlamydia screening team. After centrifugation (3,000 rpm, 30 min), a pellet was collected and stored at -20 °C.
Laboratory testing
Frozen urine specimens were transported to the Department of Microbiology at the Jagiellonian University Medical College in Krakow for CT testing by real-time nucleic acid amplification kit REALQUALITY RS-CHLAM T (AB Analitica, Padova, Italy) on an ABI 7500 real-time PCR system (Applied Biosystems, Foster City, California, United States). 
Statistical analysis
Chlamydia trachomatis prevalence CT prevalence was calculated among all participants eligible for CT screening. To obtain an estimate of CT prevalence that accounted for non-responders, we fitted a two-step inverse probability weighting (IPW) regression model [7, 8] . The main purpose of IPW was to correct for the fact that some subgroups of sexually active students (at varying risks of CT infection) were more willing to take part in the study and submit a urine specimen. Applying individual weights to each survey respondent who submitted a urine specimen allowed us to calculate the CT prevalence estimates unaffected by selection bias.
Using logistic regression, we compared characteristics of sexually active respondents who participated in CT screening with those that did not. We modelled the probability of urine specimen submission as explained by known predictors of CT infection. Variables were entered into the model in a stepwise fashion using only those factors with a p value <0.2 in the univariate analysis.
In the next step, the inverse of the computed probabilities (after scaling) were applied as weights in multivariable log-binomial regression models used to estimate adjusted CT prevalence, prevalence ratios (PR) and their 95% confidence intervals (95% CI). Two log-binomial regression models were carried out: one including students who had ever had a sexual partner and the second comprising only students who were currently sexually active (i.e. reported having had sexual intercourse within the past 12 months). The final models included the following terms: city, age, sex, type of school and an interaction term between sex and type of school. The second model included one additional factor: type of partners (one steady partner vs multiple or casual).
We assumed that adolescents who attended the same school over a long period of time may have shared beliefs, attitudes and knowledge regarding sexual behaviours and STI prevention, which may influence their STI risk. To account for this within-school correlation, we used the generalised estimating method with an independent correlation structure commonly used to analyse clustered data with a binary outcome. We report weighted adjusted CT prevalence estimated from the final log-binomial model, assuming the distribution of the explanatory variables as in the total population.
Sexual behaviours
To better understand differences in CT prevalence, we compared patterns of partnership in the 12 months preceding the survey and other factors associated with STI risk (e.g. condom use, availability of STI prevention education programmes at school) among currently sexually active respondents of the behavioural survey, by subpopulation defined by sex and school type. Specifically, recent sexual behaviours (in the 12 months before the interview) among female students in vocational-technical schools were compared with three other major groups of students (female students in high schools; male students in high schools; male students in vocational-technical schools) using Tukeytype adjustment for multiple comparisons [9] . Analysis was performed using SAS 9.3.
Results
Selected schools
During the study period, 206 schools (140 high schools and 66 vocational-technical schools) were randomly selected from a total of 432 secondary schools registered in Warsaw and Krakow and invited to participate in the study. Of these 206 schools invited, 61 (30%) participated in the study; these were 38 schools officially classed as high schools and 23 vocational-technical schools. One of the participating high schools was privately owned.
Of the 145 schools that did not participate, 103 refused because of a timetable clash or the sensitive nature of our research topic. Forty-two schools were lost to follow-up or were unable to reach a final decision.
Sample characteristics and predictors of participation in Chlamydia trachomatis screening
Our study population comprised 4,714 young people aged 18 years and older of whom 2,768 were women and 1,946 were men ( Figure 1 ). The mean age of respondents was 18.7 years.
Overall, 60% (n = 2,831) of respondents were attending high schools and 40% (n = 1,883) vocational-technical schools, however there were noticeable differences between the two cities ( Table 1 ).
In total, 3,136 students reported having had a sexual partner in the past and were eligible for CT screening. Of these, 3% (n = 97) reported ever having been tested for any STI in the past. Of the total 4,714 students who completed the questionnaire, 55% (n = 2,613) reported having had sexual intercourse at least once, including 2,326 students who were currently sexually active (i.e. reported having had sexual intercourse within the past 12 months). This percentage was higher at vocationaltechnical schools (67%; n = 1,260) compared with high schools (48%; n = 1,353). Most respondents who had ever engaged in sexual intercourse were also sexually active in the previous 12 months (89%; n = 2,326).
Of 3,136 students eligible for CT screening, 950 submitted urine specimen adequate for testing; 711 of them were currently sexually active, including 703 students who provided information on the number and type (steady or casual) of their partners in the 12 months preceding the survey. Overall, women were more likely to participate in CT screening than men, particularly those who had reported engaging in sex with casual or multiple partners in past 12 months (Figure 2 ).
In the multivariate analysis (logistic regression), among all students (female and male combined), the odds of screening increased with the respondents' age (19 years and older vs 18 years) and current urogenital symptoms.
Chlamydia trachomatis prevalence and related factors
Of the 950 students tested, 39 were infected with CT. The weighted prevalence of CT calculated for all respondents eligible for CT screening was 3.9% (95% CI: 2.7-5.1); however, there were considerable differences in CT prevalence estimates depending on the city. The inverse probability-weighted and adjusted (for age, sex and type of school) CT prevalence estimated in the final log-binomial regression model for Warsaw (6.6%; 95% CI: 3.5-12.4) was approximately six times higher (PR = 5.9; 95% CI: 2.0-17.3) than for Krakow (1.1%; 95% CI: 0.5-2.6). The most affected socio-demographic group in both settings were female students attending vocationaltechnical schools (Table 2) . Weighted CT prevalence in this group (after adjustment for city and age), was more than five times higher (PR = 5.2; 95% CI: 1.7-15.6) than among female peers in high schools and more than three times higher (PR = 3.3; 95% CI: 1.0-10.7) than among male peers attending vocational-technical schools. Among students attending high schools, however, similarly adjusted and weighted estimates of CT prevalence did not differ by sex.
CT prevalence calculated for currently sexually active students who reported one steady sex partner in the last year, was not statistically different from the prevalence noted among participants who reported casual or multiple partners (PR = 1.0; 95% CI: 0.5-2.3) ( Table 2) . Similarly, we did not find any association between CT prevalence and known risk factors for this infection such as early age (by 16 years) of first sex (PR = 1.2; 95% CI: 0.5-2.5) or oral contraceptive use (PR = 0.8; 95% CI: 0.4-1.4).
Sexual behaviours among currently sexually active students, by population group
Overall, 2,326 respondents reported having had sexual intercourse in the previous 12 months. The majority of currently sexually active students (76%; n = 1,775) reported only one sex partner within the past 12 months, women (82%; n = 1,159) more so than men Men with a casual or multiple partners 1.7 0.4-6.5 43 1
CT: Chlamydia trachomatis. a Inverse probability-weighted and adjusted CT prevalence estimated in the final log-binomial regression models. These models included the following terms: city, age, sex, type of school and an interaction term between sex and type of school. In addition, the second model (only students who were currently sexually active) included type of partner/s (one steady partner vs multiple or casual).
(67%; n = 616) ( Table 3 ). Among women, those attending vocational-technical schools differed significantly from the rest of the sample (i.e. from women in high schools, men in high schools and men in vocationaltechnical schools) with respect to the characteristics of their partners; they were more likely to report only one steady sexual partner in the previous 12 months and less likely to engage in casual sex.
Overall, 19% (n = 166) of currently sexually active men and 28% (n = 381) of the women reported never using a condom in the previous 12 months. Otherwise, men and women were similar in terms of contraceptive use. In addition, respondents with a steady partner more often used oral contraception (PR = 1.6; 95% CI: 1.2-2.1). Students using oral contraceptives, compared with those who did not, were almost three times less likely (PR = 2.9; 95% CI: 2.5-3.3) to use condoms in the 12 months before interview.
Students attending vocational-technical schools were less exposed to STI prevention messages, be it at school (PR = 1.4; 95% CI: 1.3-1.5) or through other sources such as parents, peers, Internet, radio, television and print media (PR = 1.7; 95% CI: 1.5-1.9).
Discussion
To date, several population-based surveys focusing on CT in Western Europe have been published [10] [11] [12] . However, data from central-eastern and eastern Europe STI: sexually transmitted infection. a Overall, 2,326 students reported sexual intercourse in the past 12 months before the interview, including 759 and 647 young women attending high schools and vocational schools, respectively, and 458 and 462 young men attending high schools and vocational schools, respectively. * Indicates statistical significance (p < 0.05 after Tukey's multiple comparison adjustment) compared with female students in vocationaltechnical schools.
are limited [13] . Our study based on 4,714 young people attending secondary school was the first population-based CT bio-survey conducted in Poland to date. We evaluated prevalence of CT infection among sexually active students (18 years and older) in their final years of high school education (n = 3,136) in two of the biggest cities in Poland (Warsaw and Krakow), and identified high-prevalence subgroups who need sexual health intervention. Importantly, we collected extensive information on personal characteristics and STI risk factors from all study participants to control and adjust for non-participation in CT screening.
The weighted estimates of CT prevalence among all respondents eligible for CT screening varied considerably by city. The prevalence in Warsaw (6.6%; 95% CI: 3.5-12.4), even after adjustment for age, sex and type of school, was ca six times higher than in Krakow (1.1%; 95% CI: 0.5-2.6). Although the reasons for such heterogeneity are unclear, given the same study design and similar participation rates in both settings, they are likely to represent real differences in the local epidemiological profile. In line with our results, subnational CT prevalence estimates in other countries are also very heterogeneous even after controlling for variations in the study design. Recent sub-national estimates in high-income countries ranged from 0.6% to 10.7% among women and from 1.1% to 5.9% among men 25 years or younger [14] .
In our sample, the socio-demographic group with the highest prevalence of CT both in Warsaw and in Krakow were female students attending vocational-technical schools. The prevalence estimates for this group were more than five times higher than for female peers in high-schools, and more than three times higher than for male peers attending vocational-technical schools. Recent research links pockets of higher STI incidence among adolescents to certain social determinants of health, in particular low socio-economic status and limited access to health promotion or healthcare [10, 15] . These results may be relevant for our study population. The choice of secondary high school track (vocational vs general education) is indeed strongly related to family background [16, 17] . Consequently, the average socio-economic status of students at vocational-technical schools' is likely to be lower compared with those attending general education schools [18] .
We hypothesise that the higher prevalence of CT observed in vocational-technical schools reflects socio-economic differences as well as access to certain health services. Indeed, our data confirm that students attending vocational-technical schools were less exposed to STI prevention messages, be it at school or through other sources (i.e. parents, peers, Internet, radio, television and print media). The high prevalence of CT infections in this subgroup was unexpected, as female students in our sample who attended vocational-technical schools reported more commonly than other groups that they were in stable relationships.
These students were more likely to engage in sexual intercourse with only one steady partner and overall less likely to report partner change.
It is worth noting, that in our sample, CT prevalence among respondents who reported only one steady partner in the last year was not statistically different from the prevalence among participants who reported one recent casual or multiple sex partners. These findings differed from research conducted in other countries where, age aside, the number of sexual partners was the only consistent risk factor for CT infection [19, 20] . We note, however, that the majority of our respondents reported only one sex partner in the past year and we were not able to stratify the analysis by other important factors, i.e. condom use or age at first sex. Having casual/multiple partners could have been confounded by more consistent use of condoms [20] . It is also possible that some respondents were at increased risk for infection because of the behaviours associated with having steady partner. In our study, a steady partner was a significant predictor of oral contraceptive use. Moreover, couples using hormonal contraceptives were much less likely than non-users to have used condoms in the 12 months before the interview. Previous research has suggested that users of hormonal contraceptives may be at increased risk of acquiring STIs, although such association has not been observed in population-based studies [21, 22] . Reduced use of condoms is, however, consistently associated with increased risk of STIs. Our finding also suggests, in line with previous studies, that large number of adolescents are more concerned about preventing unwanted pregnancies than STIs [23, 24] .
The study of sexual behaviour patterns is complex and, as demonstrated in this study, the effect of any specific risks may be confounded by other factors, making it difficult to base screening on risk assessment. For this reason, other studies such as one recently conducted in England, have not found an association of CT positivity rate with any of sexual behaviour variables [25] .
Our study could be used as a platform to debate the implementation of a national STI control programme in which CT screening would form a key component. Opportunistic screening targeting, in the first instance, young women would be of benefit. In Poland, the coverage of STI programmes in school settings is extremely low and a large proportion of our respondents highlighted that they had no access to further information and resources on STI. According to guidelines from the European Centre for Disease Prevention and Control (ECDC) [26] , such interventions should as a minimum include education for young people and case management with contact tracing.
Limitations
Finding from this study may be limited due to participation bias, as we were only able to include 30% of invited sexually active students. Furthermore, our sample did not include a sufficient number of students attending private secondary schools, which prevents any extrapolation of the results to this small segment of the population (ca 6% of adolescents attend private secondary schools in the two cities).
The acceptance rate in our study was comparable to those reported in some school-based chlamydia screening programmes [27] but lower than in others [28] . Although our prevalence estimates were adjusted (IPW) for relevant factors associated with participation in CT screening, we note that surveys with lower response rates tend to produce higher estimates [1] . This is because participants in STI screening programmes usually have stronger risk factors related to STI risk than non-participants. The adjustment in our study allowed correction for a possible impact of the measured factors (i.e. age, sex, casual/multiple sexual partners, current UTI or gynaecological symptoms).
Although we assessed similar predictors as reported in the literature [29] , we recognise that additional predictors of participation may exist which were not accounted for.
Recent testing for CT was not likely to impact participation as only 3% of the participating and non-participating groups reported any STI test in the past. We therefore do not expect a large bias, despite the low response rate.
In addition, we detected only 39 CT infections, which limited our ability to conduct further analysis on risk factors for CT infection. We therefore analysed baseline data collected to control and adjust for non-participation in CT screening rather than examining subtle differences in behavioural risks. As a result, some social and behavioural variables which might have provided us with insight into the nature of excess risk for CT infection among adolescents were not available. This included patterns of partnership (e.g. having partners from or outside the school or having much older sex partners) or the students' socio-economic status.
Conclusions
This study suggests a prevalence of CT infection among young adults attending school in large Polish cities that is comparable to the European average and advocates the development of a CT control programme as recommended in ECDC guidelines. Our findings support the implementation of the key elements of these guidelines, e.g. sexual education and opportunistic screening, targeting the most vulnerable and underserved groups.
Our data suggest that female students attending vocational-technical schools in Poland, despite being the smallest group in our study, are at increased risk of CT. Generally, we note that the adolescents attending vocational schools have less access to sexual education and would benefit from targeted interventions to facilitate early detection of undiagnosed infection. More importantly, our findings confirmed that having only one steady partner in the recent year does not eliminate the risk for CT infection. Therefore, it should be recommended that clinicians offer routine screening and an STI consultation and advice to sexually active young women irrespective of their reported partner history. Universal educational programmes for secondary school students should be implemented in order to increase awareness and promote good sexual health.
